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D script! n 

The present invention relates to a method of manufacturing a sheet-prepreg reinforced with fibers and it 
also relates to an apparatus for the same. The sheet-prepreg of the present invention is used as one kind of 
5 industrial materials to form laminated products. 

The conventionally-well-known method of impregnating fibers with thermoplastic resin to manufacture 
fiber-reinforced materials comprises introducing a sheet of fibers such as warp or woven fibers such as 
fabrics to a roller on which the thermoplastic resin has been coated, transferring the thermoplastic resin on 
the coating roller to the sheet of fibers or woven fibers, and then contacting the front or back side of the 
10 sheet of fibers or woven fibers with heating rollers to enhance resin-impregnating efficiency, as disclosed in 
preliminarily-opened Japanese Patent Applications Sho 61-229534, -228535 and -228536. 

In JP-A-61 229534 an apparatus is disclosed which comprises three rollers aligned longitudinally. Resin 
is applied directly to the first roller and is taken up by a sheet of fibres passing thereover. The sheet of 
fibres then passes under the second roller, depositing some of the resin thereon, and finally over the third 
75 roller. The resin builds up on the second roller until the apparatus can no longer function properly. The 
apparatus has three belts which are used to prevent the sheet of fibres falling into disorder. With the three 
belts, there are points in the apparatus where the sheet of fibres is disclosed to air which results in 
deterioration of the resin. 

In the case of the apparatus for practicing the above-mentioned conventional method, no air shielding 

20 member such as a band belt is positioned on the back side of the fibers or woven fibers sheet which 
contacts the coating roller and the back side of the fibers or woven fibers sheet is thus left open to air. 

The coating roller and a group of the heating rollers which is adjacent to the coating roller are placed 
separately each other. The resin just extruded is continuously supplied to the coating roller and coated onto 
the fibers or woven fibers sheet, thereby causing the resin to be transferred to the adjacent heating roller. 

25 The resin on the surface of the coating roller seems therefore to be slightly deteriorated but the amount 
transferred to the surface of the heating roller which is adjacent to the coating roller is extremely small 
because it is transferred only through the fibers or woven fibers sheet. The resin transferred thus stays on 
the surface of the heating roller without being transferred to the other heating rollers. Therefore, the resin 
transferred is not displaced by the one just extruded and maintained, hot and contacting air, on the heating 

30 roller. It is extremely difficult to completely remove the resin from the heating roller and the resin thus kept 
on the heating roller is deteriorated by heat and oxidation and crossiinked further and further as time goes 
by, thereby causing the apparatus to be rendered inoperative. 

The resin impregnated into the fibres or woven fibres sheet has been deteriorated by heat and 
oxidation, as described above. Therefore, the sheet-prepreg thus obtained has insufficient strength and is 

35 poor in quality. 

In EP-A-0 027 543, the nearest prior art document, a process is disclosed for the continuous production 
of single-ply or multi-ply laminates. The process comprises feeding a web uniformly coated with resin on to 
a fibre web under tension, such that the resin penetrates the fibre web to a limited extent. The fibre web 
reinforced with resin is then passed through a heating zone and a pressure zone. In the pressure zone, 
40 contact pressure is exerted from a pressure belt rather than a roller, such that the resin does not move 
through the fibre web. 

Summary of the Invention 



45 An object of the present invention is therefore to provide a method of manufacturing a sheet-prepreg 
reinforced with fibres, which is much higher in quality and whose resin is deteriorated only slightly, if at all. 

Another object of the present invention is to provide an apparatus for practicing the method to enable 
the apparatus to be kept under stable and continuous operation for a much longer time. 
The merits of the present invention will become apparent from the features of the claims. 

so According to one aspect of this invention there is provided a method of impregnating fibres with a 
thermoplastic resin and manufacturing a sheet pre-preg reinforced with the fibres, said method comprising 
coating a first band belt(s) of a pair of facing band belts (14,15) with a thermoplastic resin, said belts having 
been heated to a temperature higher than the softening point of the thermoplastic resin conveying sheet 
fibres (10 between the pair of facing band belt, (14,15), applying tension to the sheet of fibres (10) 

55 conveyed between the facing band belts (14,15), and press contacting the first band belt (15) with at least 
one roller (17) to press-contact the sheet of fibres (10) between the band belts to impregnate the fibres with 
the resin. 

According to another aspect of this invention there is provided an apparatus for manufacturing a sheet 
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pre-preg reinforced with fibres comprising a section (1) for feeding a sheet of fibre, a pair of facing band 
belts (14,15) heated to a temperature higher than the softening point of the thermoplastic resin, said band 
belts being arranged to receive a sheet of fibres (10) therebetween, a resin impregnating section (3) 
including extruder means and the means (13) for coating a film of the thermoplastic resin on a first belt (15) 

5 of said pair of band belts (14,15), and at least one roller (17) adapted to press contact the first band belt 
(15) to press contact the sheet of fibres (10) between the band belts to impregnate the fibres with the resin, 
and a winding section (4) for winding the thermoplastic resin impregnated sheet of fibres which has passed 
through the resin impregnating section (3). 

A main characteristic of the present invention resides in that a sheet of fibres such as warp or woven 

w fibres such as fabrics is conveyed between a pair of band belts which have been heated higher than the 
softening point of a thermoplastic resin. The thermoplastic resin is coated as a film and travelled among the 
heating rollers and press-contacted with the surfaces of the heating rollers. 

Each of the band belts is endless and even if the resin is transferred to a small extent to the surface of 
the band belts when the resin-impregnated fibres or woven fibres is released from a resin-impregnating 

75 section and the resin thus transferred is then cooled and hardened, it is again heated and melted and mixed 
together with a large amount of the resin just extruded when the band belts return again to the inlet of the 
resin-impregnating section, thereby preventing the resin from being stayed between the belts. 

Further, the resin is not deteriorated by heat and oxidation and it is also not gelatinized. In addition, the 
problem that the apparatus could not be operated for a long time in the case of the conventional roller 

20 coating can be solved, thereby enabling the apparatus to be kept under continuous operation for a much 
longer time. 

As described above, the resin is not deteriorated by heat and oxidation, so that a sheet-prepreg 
reinforced with fibers and much higher in quality can be provided. 

25 Brief Description of the Drawings 

Fig. 1 is a side view showing an embodiment of the present invention. 

Fig. 2 is a sectional view showing how a bobbin round which a continuous fiber is wound is attached. 
Fig. 3 is a front view showing an aligning means through which a plurality of fibers are aligned to form a 
30 sheet of fibers. 

Fig. 4 is a plan view showing the aligning means (through which plural fibers are aligned to form half of 
the fibers sheet in this case). 

Fig. 5 is a side view showing a case where the present invention is applied to a sheet of woven fibers. 
Fig. 6 is a side view showing an improved example of the resin-impregnating section. 
35 Fig. 7 is a side view showing another example of the resin-impregnating section. 
Fig. 8 is a sectional view showing a cooling device. 
Fig. 9 is a side view showing the cooling device. 

Fig. 1 0 is a side view showing a further example of the resin-impregnating section in detail. 
40 Detailed Description of the Preferred Embodiments 



Objects which are impregnated with a resin in the present invention include a sheet of fibers such as 
warp or woven fibers such as fabrics. 

A plurality of continuous fibers in the present invention means a group of filaments, rovings, yarns or 
45 tows and the filament is so long and strong that it can be pulled contacting a film of molten thermoplastic 
resin on the manufacturing line. Glass fiber, carbon fiber and high modulus synthetic resin fiber is 
preferable for use in the present invention. Inorganic fiber such as silicon carbide fiber and alumina fiber, 
titanium fiber, boron fiber and metal fiber such as stainless steel can also be used. 

The synthetic resin fiber is preferably surface-treated to have adhesiveness relative to the impregnating 
so thermoplastic resin. It is further preferable that it does not change its strength and the like, depending upon 
the melting temperature of the thermoplastic resin used. Aramid fiber (registered trade name: "Kevlar"), for 
example, is cited as a synthetic resin fiber. 

It is preferable that the glass and carbon fibers are coated on their fiber surfaces by a surface-treating 
agent such as the coupling agent of the silane or titanium system to enhance their adhesiveness relative to 
55 the thermoplastic resin used. For the purpose of preventing the roving and yarn from becoming loose, 
sizing agent for bundling filaments can be used to such an extent that the use of this sizing agent does not 
disturb the impregnation of resin. 

Plural continuous fibers are arranged side by side in a direction along the machine, spread not to cross 
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one another, and adjusted to an appropriate thickness to form a sheet of fibers such as warp of a weaving 
machine. More specifically, the plural continuous fibers are wound round plural bobbins, respectively, fed 
with an appropriate tension from the bobbins, arranged side by side in an appropriate width and passed 
through a comb- or rake-like aligning means to form a sheet of fibers. 
5 The thickness of this fibers sheet depends upon the filament diameter of a fiber (roving or tow), but it 
can be adjusted by the arrangement and areal weight of the rovings or tows in the width direction thereof. 
Thickness accuracy gives influence to the extent of impregnation and it is therefore preferably ±10% of a 
desired thickness. There is no limit to the thickness of the fibers sheet and when the thickness is made 
larger than 10um, the fibers cannot be broken while when it is made smaller than 1,000nm, the amount of 
10 resin impregnated becomes large, voids are reduced and no forming faults are caused. 

It is advantageous to raise the humidity at the working site to prevent the fibers from being broken by 
friction when they pass through guide rollers and the aligning means to form a sheet of fibers. 

The sheet of fibers thus obtained is arranged to give a certain tension to its rovings or tows, and not to 
cross them one another. 

75 The sheet of fibers may be formed by arranging a plurality of continuous fibers as in the case of 
examples which will be described later, but so-called beamed yarns which comprise a necessary number of 
fibers previously wound like warp round a warp beam in a direction can be used. The beamed yarns have 
been widely used as warp when the continuous fibers are woven to form a sheet of woven fibers such as a 
fabric or cloth. The sheet of woven fibers in the present invention includes those which comprise weaving 

20 the continuous fibers like a cloth, and it is optional how fibers are woven. Therefore, the sheet of woven 
fibers used in the present invention includes those which are formed according to the plain weave, twill 
weave and so on. Further, it also includes mat-like unwoven fibers, needle-punched mat-like unwoven fibers 
and the like. 

The thermoplastic resin used in the present invention includes polystyrene, polyvinyl chloride, high 
25 density polyethylene, polypropylene, nylon, polycarbonate, polybutyleneterephthalate, polyethylenetereph- 
thalate and the like, but it is not limited to them. 

In a case where the sheet-prepreg obtained according to the present invention is used as those 
materials which need structural strength, it is preferable that the fiber has a high modulus and a large 
tensile strength. Engineering resins of high grade such as polyethersulfone, polysulfone, polyphenylenesul- 
30 fide, thermoplastic polyimide, polyetherimide (trade name: "ULTEM") and polyetheretherketone are most 
suitable for this purpose. 

In the case of using these resins, it is preferable to previously dry them and it is more preferable that a 
coupling agent of the titanium system or the like is added to them to enhance their adhesiveness relative to 
fibers. 

35 The thermoplastic resin is melted inside an extruder, extruded through a die attached to the foremost 
end of the extruder and then coated on the surface of a band belt, for example, which is previously heated. 
Resin temperature is determined depending upon the properties of various resins to form a uniformly- 
coated resin film. The width of this coated resin film may be equal to or larger than that of the fibers sheet 
and its thickness is adjusted to an appropriate value, corresponding to that of the fibers sheet. This 

40 thickness is a value experimentally determined responsive to a set value related to the resin content in the 
sheet prepreg finally obtained. It is preferably in a range of 10 - 1,000um and more preferably in a range of 
20 - 200um. Thickness accuracy gives large influence to the resin content of the sheet prepreg in the width 
direction of the sheet. It is therefore preferably ±10% of a set thickness and more preferable ±5% thereof. 
The thickness accuracy of the coated resin film can be enhanced according to any one of the common 

45 coating methods. 

The sheet of fibers is press-contacted with a roller through the lower band belt, for example, on which 
the resin has been coated as a film, thereby starting to impregnate the fibers with the resin. The 
impregnation of resin is finished when the coated resin film passes among those filaments which form the 
fibers sheet, and then reaches the back side of the fibers sheet. The contact pressure of the fibers sheet 

so relative to the band belt and roller is sufficient so as to enable the fibers sheet to push through the coated 
resin film and reach the upper surface of the lower band belt. This contact pressure is adjusted by the 
tension applied to the fibers sheet. When this tension is too strong, the coated resin film is divided in the 
width direction of the fibers sheet without passing among the filaments of the sheet. The tension must be 
therefore determined depending upon the viscosity of the resin used. 

55 The viscosity of the resin in the present invention is preferably in a range of 500 - 50,000 poise and 
more preferably 1,000 - 5,000 poise. The tension applied to the sheet of fibers (or woven fibers) in the 
present invention is preferably in a range of 1 - 10,000 g/fiber and more preferably 10 -5,000 g/fiber. The 
tension applied to the sheet of woven fibers is preferably in a range of 5 -100,000g/cm width and more 
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preferably 50 - 20,000g/cm width. 

The fibers sheet on which the resin has been coated is then conveyed under the condition that it is 
sandwiched between the upper and lower band belts, press- contacted with one or two or more heating 
rollers to enhance the impregnation efficiency, and then cooled and wound. The temperature of these 
5 heating rollers is set higher than the softening point of the resin to be impregnated. 

The softening point in this specification means the lowest temperature which can be measured under a 
load of 5 kg by the melt index metering device. 

The face of the fibers sheet which is contacted with the lower band belt the first time is assumed to be 
its front face, the back face thereof is then contacted with the first heating roller through the upper band belt 
70 and the front face thereof is then further contacted with the second heating roller through the lower band 
belt, and this is alternately repeated depending upon the number of the heating roller used, thereby causing 
the resin on the front or back face of the fibers sheet to be moved alternately from the front face of the 
sheet to the back face thereof and then from the back face to the front face among the filaments of the 
sheet by means of the heating rollers used. When the sheet of fibers is conveyed like this, the impregnation 
75 of resin can be enhanced. 

It must be determined according to the property of the resin used how many heating rollers are to be 
used and it is preferable to adjust the number of the heating rollers according to the kind of the resin used. 

It is also preferable that the resin left on the surface of the band belt is removed by the doctor blade or 
the like because it is effective in adjusting the resin content in the sheet-prepreg and making the surface of 
20 the fibers sheet smooth. The resin can be removed under the molten or the hardened state but it must be 
determined according to the property of the resin under which state the resin is removed. 

The extend of crystallization and the crystalline size are influenced by the cooling speed in the case of 
crystalline resins. It is therefore preferable to adjust the cooling speed according to the resin used and to 
control the extent of crystallization and crystalline size of the resin included in the sheet-prepreg. The resin- 
25 impregnated fibers sheet may be gradually cooled by a cooling section located between the resin- 
impregnating section and the winding machine and having a temperature gradient. Or It may be rapidly 
cooled, blowing a cooling medium such as the cooling air directly onto it. 

In the case where the fibers sheet is released from the resin-impregnating section under the condition 
that its impregnated resin is molten, the resin is sometimes deteriorated upon contacting the air and the like 
30 at the cooling time, depending upon the kind of the resin. It is more preferable in this case to provide in the 
resin-impregnating section a cooling device which serves to cool the band belts to a temperature lower than 
the softening point of the thermoplastic resin. 

The fibers sheet impregnated with the thermoplastic resin is then cooled lower than the softening point 
of the resin under the condition that it is sandwiched between the band belts, and wound by the winding 
35 machine. 

The resin-impregnated fibers sheet may be gradually cooled in the atmosphere or forcedly cooled by 
jetting air or water to the upper and lower band belts. It is preferable from the viewpoint of enhancing the 
appearance of the resin-impregnated fibers sheet and removing bubbles or voids from the sheet that the 
upper and lower band belts are sandwiched between one or plural pairs of cooling nip rollers, for example, 
40 and that the fibers sheet thus pressed between the upper and lower band belts is cooled by the nip rollers 
through the band belts. This also serves to facilitate the release of the fibers sheet from the band belts. 

It is preferable from the viewpoint of enhancing the release of the fibers sheet from the band belts that 
release treatment is applied to the surfaces of the band belts. 

The present invention will be described in detail with reference to its typical embodiments shown in the 
45 drawings. 

A case where the present invention is applied to a sheet of fibers will be described below at first. 

As shown in Fig. 1, a manufacturing apparatus for carrying out a method of the present invention 
comprises a fibers feed section 1 , a fibers supply section 2, a resin impregnating section 3 and winding 
section 4. 

50 

Fibers Feed Section: 

The fibers feed section 1 includes means or bobbins 6, for example, for feeding a plurality of 
continuous fibers and mechanisms or brake belts 64 show in Fig. 2, for example, for adjusting tension when 
55 the fibers are feeding. 

The necessary number of continuous fibers 7 wound round a plurality of bobbins 6 on a creel 5 are fed 
from the fibers feed section 1 . As shown in Fig. 2, the bobbin 6 includes a bobbin body 61 , a shaft 62 to 
which the bobbin body 61 is fixed, and a bearing 63 to which the shaft 62 to rotatably attached. Attached to 
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the shaft 62 is the brake belt 64 for adjusting the tension of the fiber fed from the bobbin 6. 
Fibers Supply Section: 

5 The fibers supply section 2 serves to arrange the continuous fibers 7, which are fed from the bobbin 
bodies 61 , side by side in the horizontal direction by means of guide rollers 8, and align them through an 
aligning means 9 to have an optional interval between the fibers and an optimal width of the fibers so as to 
form a sheet of fibers 10. As shown in Figs. 3 and 4, the aligning means 9 comprises stretching a plurality 
of steel lines 91 in a frame, and the continuous fibers 7 are aligned by passing between the steel lines 91 

70 one by one. The aligning means 9 has a bearing 92, which enables the aligning means 9 to be swung in 
those directions shown by the arrows in Fig. 4. When the aligning means 9 is swung in this manner, the 
intervals between the continuous fibers 7 are adjusted so that the width and thickness of the fibers sheet 10 
can be adjusted. Numeral 93 denotes setscrews for fixing the aligning means 9 after it is swung to an 
optional angle. 

75 The fibers sheet 10 is then controlled by a tension adjusting roller 11 which has a brake 12 to have a 
uniform tension all over its width. It is preferable that the surface of the tension adjusting roller 1 1 be made 
of rubber or the like to achieve easy tension adjustment. There is no limit to how the fibers sheet 10 is 
tensioned but the fibers sheet 10 may be tensioned to such an extent that its fibers are not tangled in the 
course or resin impregnation at the resin impregnating section 3. The tension adjusting roller 11 may be 

20 omitted if uniform tension adjustment can be attained for all of the bobbins 6 at the fibers feed section 1. 

Resin Impregnating Section: 

The resin impregnating section 3 has a pair of upper and lower band belts 14 and 15, and a first (or 
25 inlet) heating roller 17, a second heating roller 18 and a lower (or outlet) pull roller 19 that are arranged side 
by side from the inlet to the outlet along the fibers sheet conveying passage. A first nip roller 20 is located 
above the first heating roller 17 while an upper pull roller 22 is located above the lower pull roller 19. 
Numeral 21 represents a roller for adjusting the tension of the upper band belt, 23 a heated resin supply 
roller, 24 a roller for adjusting the tension of the lower band belt, 13 a die for supplying resin and 16 a drive 
30 motor. 

The band belts are heated in such a way that the heat of the heated rollers 17, 18, 19, 20, 22 and 23 is 
transmitted to the band belts which are press-contacted with these rollers. 

The thickness of the fibers sheet impregnated with resin can be adjusted by adjusting the interval 
between the outlet rollers 1 9 and 22. 

35 It is preferable to provide scrapers or doctor blades (not shown) for scraping the resin film left on the 
surfaces of the upper and lower band belts 14 and 15. When the band belts are usually contacted with the 
resin and fibers sheet 10 through their clean surfaces, the amount of resin impregnated into the fibers sheet 
10 can be kept unchanged. 

When the fibers sheet 10 enters into the resin impregnating section 3 which has the above-described 

40 arrangement, it is contacted with the lower band belt 15 on which a thermoplastic resin which has been 
melted in an extruder which is employed to melt and supply the resin is coated as a film through a die 13 
while it is press-contacted with the heating roller 17 through the lower band belt 15 so that it is impregnated 
with the resin, and it is press-contacted with the heating roller 18 through the upper band belt 14 and then 
with the lower pull roller (or heating roller) 1 9 through the lower belt 1 5. Resin impregnation is thus achieved 

45 sufficiently. 

The resin impregnating section can be improved as shown in Fig. 6 to enhance resin impregnating at 
high speed. An example shown in Fig. 6 further includes third and fourth heating rollers 50 and 51 added to 
those at the resin impregnating section shown in Fig. 1. 

An improvement resides in a first resin impregnation promoting roller 30 located near the inlet of the 
so resin impregnating section 3. 

It is preferable to set the roller 30 at such a position that enables the fibers sheet to be press-contacted 
with the first heating roller 17 more strongly. This position of the roller 30 can be determined by the 
viscosity of the resin used and the tensioning direction between the first and second heating rollers 17 and 
18. 

55 In the case of the example shown in Fig. 6, the roller 30 is positioned lower than the top of the first 
heating roller 17 and it is arranged so that tension downward to left in Fig. 6 is applied to the fibers sheet 
on the side of the roller 30 and that tension downward to right is applied to the fibers sheet on the side of 
the second heating roller 18. 
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Although the distance between the centers of the roller 30 and first heating roller 17 is not limited, it is 
preferable to position the roller 30 near the first heating roller 17 as shown in Fig. 6. In a case where the 
roller 30 is positioned at a longer distance from the first heating roller 17, another roller which cooperates 
with the roller 30 can be interposed between the roller 30 and first heating roller 17. It is preferable that the 
5 roller 30 is provided with a mechanism for approaching the roller 30 and separating it from the first heating 
roller 17. 

The fibers sheet 10 is horizontally introduced into the resin impregnating section 3 but it is not limited 
to this. It may be held horizontal but rising upward or lowering downward just before the first heating roller 
17 and plural guide rollers may be added to it in this case unless functional effects achieved by the present 
70 invention are damaged. In the case where it is introduced, rising upward, to the roller 17, its inclination can 
be sometimes the same or substantially the same as its inclination between the rollers 30 and 17 and the 
roller 30 cooperates sometimes in this case with the guide rollers added to it. 
There is not limit to the diameter (or size) of the roller 30. 

When the above-described roller 30 is provided, resin impregnation into the fibers sheet 10 can be 
75 promoted even under high speed conveyance of the sheet and air in the fibers can be removed at the first 
stage of resin impregnation, thereby enabling products of high quality to be manufactured. 

Another improvement resides in a resin impregnation promoting roller 31 located near the outlet of the 
resin impregnating section 3. 

The roller 31 is positioned lower than the top of the outlet (or lower pull) roller 19 and this is preferably 
20 such a position that enables the fibers sheet 10 to be press-contacted with the outlet roller 19. It is 
preferable that the roller 31 has a position adjusting mechanism for approaching the roller 31 to and 
separating it from the roller 19. 

The roller 31 and outlet roller 19 may be positioned adjacent to each other and there is no limit to the 
distance between their centers, but it is preferable to position them near to each other. In a case where the 
25 roller 31 is positioned at a longer distance from the outlet roller 19, another roller which cooperates with the 
roller 31 can be interposed between the roller 31 and outlet roller 19. 

The fibers sheet 10 is horizontally discharged from the resin impregnating section 3, but it is not limited 
to this and it may be discharged, rising upward or lowering downward, from the resin impregnating section 
3, depending upon its winding position. Needless to say, plural guide rollers may be added to the sheet 10 
30 unless functional effects achieved by the present invention are damaged. 

In the case where the sheet 10 is discharged, lowering downward, from the outlet roller 19, the 
inclination of the sheet 1 0 discharged can be sometimes the same or substantially the same as that of the 
sheet 10 between the roller 31 and outlet roller 19 and the roller 31 cooperated sometimes in their case 
with the other guide rollers added to the sheet 10. 
35 The shape and diameter of the roller 31 is not limited to the roller shown on Figures. 

When the above-described roller 31 is provided, the amount of resin impregnated can be made uniform 
even under high speed conveyance of the sheet and no crack (or so-called split) is caused along the fibers 
of the sheet. 

A further improvement resides in resin impregnation promoting rollers 32, 33 and 34 located adjacent to 
40 second, third and fourth heating rollers 18, 50 and 51 (which are called intermediate heating rollers), 
respectively. 

The second and fourth heating rollers 18 and 51 are intended to apply upward tension to the fibers 
sheet and it is preferable to position the resin impregnation promoting rollers 32 and 34 just under the 
second and fourth heating rollers 18 and 51, respectively. Similarly, it is preferable to position the resin 

45 impregnation promoting roller 33 just over the third heating roller 50. 

The resin impregnation promoting rollers 32, 33 and 34 have no limit regarding their diameter (or size) 
but it is preferable that they are made smaller than the heating rollers 18, 50 and 51. The rollers 32, 33 and 
34 may not be positioned just under or over the rollers 18, 50 and 51 but they may be shifted a little 
forward or backward (or left or right). 

so When the above-described rollers 32, 33 and 34 are added, the impregnation of resin into the fibers 
sheet 10 can be made uniform even if the sheet is conveyed at high speed, and the thickness of products 
can be adjusted. 

A still further improvement resides in rollers 35 and 36 located between the rollers 21 and 22 and 
between the rollers 19 and 24, respectively, to adjust the meandering run of the band belts. 
55 The rollers 21 and 24 move up and down in Fig. 6 to adjust the tension of the band belts while the 
rollers 35 and 36 moves their one ends to left and right in Fig. 6 to adjust the meandering run of the band 
belts. 

Means for moving the rollers 35 and 36 to left and right are not limited but various kinds of moving 
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mechanism, for example, may be used. 

Although not shown, the rollers 35 and 36 may be positioned outside the band belts 1 4 and 1 5 to press 
the band belts from outside so as to adjust the meandering run of the band belts. It is preferable in this 
case that the rollers 35 and 36 are made of soft material such as aluminum. Or the rollers 35 and 36 may 
5 be located between the rollers 20 and 21 and between the rollers 23 and 24, respectively. 

One, two or more rollers which can move in directions same as or different from those of the rollers 35 
and 36 may be added in addition to the rollers 35 and 36. 

It may be arranged so that only one end of each of the rollers 19, 22 or 17, 20 is moved to left and right 
to adjust the meandering run of the band belts. 
w When the rollers 35 and 36 are provided as described above, the meandering run of the band belts 
which is likely to be caused if only the tension rollers are provided can be prevented and resin impregnating 
capacity can be enhanced even under high speed conveyance. 

A still further improvement in Fig. 6 resides in a tension adjusting means T for making the tension of a 
band belt portion By before the roller 51 smaller than that of a band belt portion Bx behind the roller 51 
75 which precedes the outlet roller 19. 

The tension adjusting means T comprises a drive motor 16 directly connected to the outlet roller 19, for 
example, and a transmission 16A directly connected to the roller 51 which precedes the roller 19. It is 
preferable to change the number of rotations of the roller 51 in such a manner of transmitting the drive force 
of the transmission 16A to the roller 51. 
20 The transmission 16A may be of any type which can change its drive force continuously or by steps, 
and it may be of the automatic, semi-automatic or manual type. Transmission may be attained through belt, 
chain, gears or the like. The adjusting range of the transmission is not limited particularly, but it is 
preferably 10 - 95% of the number of rotations of the drive motor. 

It is preferable in the present invention to adjust the transmission 1 6A in such a way that the rotation of 
25 the outlet roller 19 is made fast while the rotation of the preceding roller 51 is made slow. 

The drive force can be transmitted to the upper and lower outlet (or pull) rollers 22 and 19 when a drive 
gear 19A is connected to the drive motor 16 and a gear 22A is connected to the drive gear 19A. 

The third and fourth heating rollers 50 and 51 are engaged with gears 50A and 51 A, respectively. 

As the result of connecting the rollers to the drive source as described above, the rollers 50, 51, 19 and 
30 22 serve to act as drive rollers while the rollers 17, 18, 20, 21, 23, 24, 32, 33, 34, 35 and 36 act as follower 
rollers. 

It is possible to drive the rollers 35 and 36 a little faster than the upper and lower outlet rollers 19 and 
22, and the above-mentioned meandering run adjusting function can be further enhanced in this case. 

The above-described embodiment is characterized in that the tension of those band belt portions which 
35 are located before and behind the roller 51 can be changed by changing (or controlling) the rotation of the 
preceding roller 51 in relation to the outlet roller 19. This characteristic can prevent the resin from being 
deteriorated. It does not matter how fast the rollers 17 and 18 which precede the roller 51 are rotated. 

When the drive source which has the speed reduction mechanism for changing the rotation of the 
preceding roller independently of the outlet roller as described above is provided, tension applied to each of 
40 the band belt portions between the rollers can be freely changed and when the tension of band belt is made 
larger and larger as the belts come from the inlet of the resin impregnating section to the outlet thereof, the 
band belts can be prevented from separating from each other and resin deterioration because of air 
exposure can be thus prevented. 

45 Cooling Section: 

The fibers sheet 10 impregnated with a resin as described above is cooled lower than the softening 
point of the resin while passing through a cooling device 26 at the cooling section. 

The cooling device 26 can be arranged to cool the fibers sheet 10 at such a speed that satisfies the 
50 resin used. It is preferable to create a temperature gradient in the cooling device by arranging the heater, 
hot and cool air from the inlet to the outlet of the cooling device. 

The cooling device 26 is a process following the resin impregnating section 3, as shown in Fig. 1, but it 
may be located in the resin impregnating section 3 as shown in Fig. 7. 

The cooling device 26 shown in Fig. 7 includes one or plural pairs of rollers 261 and a group of the 
55 lower rollers 262 are cooled by water stored in a vessel 263, as shown in detail in Fig. 8. Another group of 
the upper rollers 264 are cooled by water sprayed through nozzles 265. It is preferable to attach a water 
holding material such as asbestos to the surface of these rollers because the cooling efficiency can be 
enhanced. 
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The upper and lower band belts 14 and 15 are cooled by the groups of these upper and lower cooled 
rollers 262 and 264 and the fibers sheet 10 is thus cooled. The nip force of the grouped upper and lower 
rollers 262 and 264 can be optionally adjusted, fastening bolts and nuts 266 shown in Fig. 9. 

When cooling is carried out like this in the resin impregnating section, the fibers sheet can be shielded 
5 from air even at the cooling time and the deterioration of resin caused by oxidation can be thus prevented 
completely. 

When the fibers sheet is cooled through the upper and lower band belts, there is no fear that the sheet 
of fibers or woven fibers is made dirty by the cooling medium. Therefore, water cooling and the like, low in 
cost, can be used. 

w When the embodiment shown in Fig. 7 is improved as shown in Fig. 10, high speed resin impregnation 
can be achieved similarly to the embodiment shown in Fig. 6. 

Same parts as those shown in Figs. 1 and 6 will be represented by same reference numerals in Figs. 7 
and 10 and description on these parts will be omitted. 

The roller 50 is heated but the rollers 19 and 22 are not heated in the case of the improved 
15 embodiment shown in Figs. 7 and 10. Because it is not preferable to heat the fibers sheet after the sheet is 
cooled. 

Winding Section: 

20 The fibers sheet 10 thus cooled is pulled by a pull roller 27 at the winding section 4 while tensioning 
the sheet 1 0, and then wound round a winding shaft 29. Numeral 28 represents a motor for the pull roller 27 
and winding shaft 29. 

Although some embodiments of the present invention has been described, it should be understood that 
the present invention is not limited to them. For example, it may be arranged that a fibers sheet set section 

25 is used instead of the fibers feed section 1, that beamed yarns are set on the stand, and that a fibers sheet 
is supplied from the beamed yarns. The processes following this are similarly carried out as already 
described above, it is desirable in this case that the rotation of the beamed yarns is controlled to apply an 
appropriate tension to the fibers. 

The above-described embodiments are intended to show the case where the present invention is 

30 applied to a sheet of fibers formed by a plurality of continuous fibers, but in a case where the present 
invention is applied to a sheet of woven fibers, a fibers-woven sheet set section 1A is arranged at the fibers 
feed section 1 shown in Fig. 5, the fibers-woven sheet is set at the set section 1A, supplied to the resin 
impregnating section 3 through a fibers-woven sheet supply section 2A and then impregnated with a resin 
in quite the same manner as in the above-described embodiments. 

35 Although resin supply has been conducted relative to the lower band belt 1 5 through the die 1 3, it may 
be done relative to the upper band belt 14. When roller arrangement and tensioning direction are made the 
reverse or upside down in this case round the conveying line of the fibers sheet 10, substantially same 
functional effects as in the above-described embodiments can be achieved. 

Some parts as those in Fig. 1 are represented by same reference numerals in Fig. 5 and description on 

40 these parts are omitted accordingly. The resin impregnating section 3 and winding section 4 in Fig. 5 are 
same as those in Fig. 1 and they are not shown in Fig. 5 accordingly. 
The present invention will be described referring to some examples. 

Example 1: 

45 

Specifications of the apparatus shown in Fig. 1 were as follows. The number of bobbins was 100 units, 
the extruder was 30 mmtf, the width of rollers was 17- 24 400mm, the diameter of the rollers was 240mm, 
the thickness of the upper and lower band belts was 0.5mm and the width thereof was 350mm. 

Carbon fibers (Besfight HTA-7-3000) was used as the continuous fibers and polyether etherketone 
so (VICTREX PEEK made by I CI Corporation) was used as the thermoplastic resin. The viscosity of this 
polyether etherketone was 7000 poise at 380 *C under a shear speed of 100sec _1 . 

The continuous fibers drawn from 100 units of bobbins were aligned to form a sheet of fibers, 15cm 
wide. Polyether etherketone heated and melted at 380 'C in the extruder was coated on the lower band belt 
through a coat hanger die, said lower band belt running on the 400 # C-heated roller 23 at a speed of 
55 50cm/minute and said coated film being 60um thick. The fibers sheet to which tension of 150kg was 
applied was sandwiched between the upper and lower band belts, pressed between the rollers 17, 18, 19, 
20 and 22 which were heated to 400 *C, as shown in Fig. 1, to be impregnated with polyether etherketone, 
gradually cooled in the gradually-cooling furnace which was held 140*C, and then wound by the winding 
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machine. 

The apparatus was continuously operated over 24 hours and satisfactory operation was attained without 
causing the resin to be crosslinked because of heat and oxidation deterioration. 

The sheet-prepreg thus obtained was 35 weight% in resin content and 0.13mm thick. The fibers had no 
5 disorder and little voids occurred in the fibers. The retention of resin molecular weight held in the sheet- 
prepreg was meassured to be 95%. The rate of resin molecular weight held denotes a relative molecular 
weight percent when the resin molcular weight before heating is 100. 

Comparison Example: 

w 

A sheet-prepreg was made using the apparatus and manufacturing conditions of example 1 disclosed in 
Preliminarily-opened Japanese Patent Application Sho 61-229535. The resin on the roller was gelatinized 
further and further because of heat and oxidation deterioration as time went by, and flow of the resin 
became difficult after about three hours. Impregnation became impossible and fiber filaments were broken, 
75 thereby causing the apparatus to be stopped. 

The sheet-prepreg thus obtained was 36 weight% in resin content and 0.13mm thick. No disorder was 
seen in the fibers and little voids were present in the fibers, but the retention of resin molecular weight held 
in the sheet-prepreg was 80%. This tells us that the resin deteriorated at the time of its impregnation. 

20 Examples 2-4: 

The sheet-prepreg was obtained under the same conditions as in Example 1, but different kinds of 
resins were and operating conditions were shown in Table 1 . 



Table 1 

Example2 Example 3 Example 4 
30 Kinds of Thermo- Polyether Polycarbonate Nylon 66 
Plastic resin sulfone 
Roll Temperature 

35 

(°C) 350 300 280 
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10 



15 



20 



25 



30 



35 



40 



45 



Tension #1 (kg) 150 120 100 

Thickness of 
Coated Resin Film 

(pm) 60 60 75 

Temperature of 
Gradually-cooled 

Furnace CO 150 100 100. 

Thickness of Sheet 

prepreg (mm) 0.13 0.12 0.12 

Fiber Content 

(wt%) 64 71 72 

Retention of Resin 
Molecular Weight 

held * 2 (%) 95 94 90 

*1 Tension: 

Values obtained from the relation between 

the longitudinal strain of band belts and 

Young's modulus. The Young's modulus of 

2 

the band belt used was 18,500kg/mm . 
*2 Retention of resin molecular weight held: 
Relative molecular weight% when the 
molecular weight of resin before heating was 
assumed to be 100. 



As is apparent from Table 1 , it can be understood that an excellent sheet-prepreg can be obtained in 
so the present invention whichever of the resins is used. 

Example 5: 

The apparatus shown in Fig. 5 had the following specifications. The extruder was 3Omm0, the width of 
55 the rollers 17-24 was 400mm, their diameter was 24Omm0, the upper and lower band belts were 0.5mm 
thick and 350mm wide. 

A sheet of plain woven carbon fiber (Besfight W-1103) was used as the continuous fibers and it was 
adjusted to have a width of 200mm. Poly ether etherketone similar to the one in EXample 1 was used as the 
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thermoplastic resin. 

The cloth was set at the woven fibers sheet setting section 1A and tension of 30kg was applied to the 
sheet in the pulling direction by the tension adjusting roller. 

Polyether etherketone heated and melted at 380 • C in the extruder was coated, 60um thick, on the 
5 lower band belt through the coat hanger die, said lower band belt running on the 400*C-heated roller 23 at 
a speed of 50cm/minute. The tensioned woven fibers sheet 10 was held between the upper and lower band 
belts, passed between the rollers 17, 18, 19, 20 and 22 which were heated to 400 *C under the same 
condition as shown in Fig. 5 to be impregnated with polyether etherketone, gradually cooled in the gradually 
cooling furnace which was held at 140'C, and then wound at the winding section. 
w The apparatus was continuously operated over 24 hours and satisfactory operation was attained without 
causing the resin to be gelatinized because of heat and oxidation deterioration. 

The sheet of woven fibers thus impregnated with resin was 35 weight% in resin content and 0.13mm in 
thickness. It had neither fiber distortion nor void in the fibers. The retention of resin molecular weight held in 
the sheet was measured to be 95%. 

75 

Examples 6-15: 

The arrangement shown in Fig. 6 was at the resin impregnating section. Its specifications was as 
follows. The number of bobbins was 100 units, the extruder was 3Omm0, the width of the rollers 17, 18, 19, 
20 20, 21, 22, 23, 24, 50 and 51 was 400mm, their diameter was 24Omm0, the upper and lower band belts 
were 0.5mm thick and 350mm wide, but the rollers 30, 32, 33, 34, 35 and 36, impregnation promoting outlet 
roller 31 and speed reducer 16A were changed as shown in Table 2. 

The impregnation promoting roller 30 was 400mm wide and had a diameter of 1OOmm0. The 
impregnation promoting rollers 32, 33 and 34 were 400mm wide and had a diameter of 120mm. 
25 Numbers of rotation of the rollers 19 and 51 were set as shown in Table 2. A power clutch was used as 
the speed reducer 16A. 

Carbon fibers were used as the continuous fibers and those shown in Table 2 were used as the 
thermoplastic resin. 

The continuous fibers drawn from the bobbins of 100 units were aligned to form a sheet of fibers, 15cm 
30 wide. Resin shown in Table 2 and melted in the extruder was coated on the lower band belt 15 through the 
coat hanger die, said band belt running on the roller 23 heated as shown in Table 2 at a speed of 
75cm/minute and said coated film having such thicknesses as shown in Table 2. The fibers sheet to which a 
tension of 150kg was applied was held between the upper and lower band belts 14 and 15 and passed 
between the rollers 17, 18, 20, 50, 51, 19 and 22 which were heated as shown in Table 2 under the 
35 condition shown in Fig. 6 to be impregnated with the resin shown in Table 2. 

The fibers sheet thus impregnated was gradually cooled in the cooling device which was held as shown 
in Table 2 and then wound by the winding machine. 

The above process was continuously carried out over 24 hours and satisfactory operation was attained 
without causing the resin to be crosslinked because of heat and oxidation deterioration. 
40 Test conditions and results were shown in Table 2. Symbol * means the following. 

*3: In a case where the speed reducer 16A was not used, a motor for driving the rollers 17, 18, 50 

and 51 was added independently of the drive motor 16. 
*4 Void ratio: Values obtained from the specific gravity and fiber weight percentage of the sheet- 
prepreg. 

45 



50 



55 
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55 Example 16: 

The apparatus, whose fibers feed and supply sections 1 and 2 were changed as shown in Fig. 5, was 
used. The resin impregnating section had the same specifications as in the Example 6. 
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A sheet of plain woven carbon fibers (Besfight W-1103) whose width was adjusted to 200mm was used 
as the continuous fibers. Polyether etherketone similar to that in the Example 6 was used as the 
thermoplastic resin. 

The woven fibers sheet was set at the fibers feed section and tension of 30kg was applied to it in the 
pulling direction by means of the tension adjusting roller. After it was impregnated under the same 
conditions as in the Example 6, it was gradually cooled in the gradually cooling furnace and a sheet-prepreg 
was thus obtained. The sheet-prepreg thus obtained was 0.13mm thick and had a void ratio of 0.4% and the 
retention or resin molecular weight held in it was 98%. 



Example 17: 



The apparatus whose resin impregnating section and cooling device shown in Fig. 1 were changed as 
shown in Fig. 7 was used and same impregnating, cooling and winding as in the Example 1 were carried 
out. 

The above process was continuously performed over 24 hours. No gelation of the resin because of heat 
and oxidation deterioration was seen and satisfactory operation was attained. The sheet thus obtained was 
35 weight% in resin content and 0.13mm thick. No fiber distortion was seen and little voids were present 
among the fibers. The retention of resin molecular weight held in the sheet-prepreg was 97%. 



Examples 18-20: 



Sheet-prepreg was obtained under the same condition as in the Example 1 7 but changing the kinds of 
resin and operating conditions as shown in Table 3. 



Table 3 



Example 18 
Kind of Themo- Polyether- 
plastic Resin sulfone 



Example 19 Example 20 
Polycarbonate Nylon 66 



Temperature of 
Heating Roller 

(°C) 350 300 280 

Tension* 1 (kg) 150 120 100 

Film Thickness 
of Coated Resin 

(/um) 60 60 75 

Temperature of 
Cooling Device 

* 5 (°C) 150 100 100 

Thickness of 
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Sheet-prepreg 

(mm) 0.13 0.12 0.12 

5 

Fiber Content 

(wt%) 64 71 72 

w Retention of Resin 

Molecular Weight 

held (%) 97 96 94 

75 

*5: The temperature of the cooling device denotes 
the one of band belt measured at the outlet 
2Q of the cooling device. 

As apparent from Table 3, it can be understood that excellent sheet-prepreg having little deterioration 
are obtained whichever resin may be used. 

25 Example 21: 

The apparatus, whose fibers feed and supply sections 1 and 2 shown in Fig. 1 were changed as shown 
in Fig. 5, was used. Specifications of the resin impregnating section were the same as in the Example 17. 

A sheet of plain woven carbon fibers (Besfight W-1 1 03) whose width was adjusted to 200mm was used 
30 as the continuous fibers. Polyether etherketone (the same as in the Example 17) was used as the 
thermoplastic resin. 

The woven fibers sheet was set at the fibers feed section 1 A and a tension of 30kg was applied to it in 
the pulling direction by the tension adjusting roller. After it was impregnated with the resin under the same 
conditions as in the Example 17, it was gradually cooled in the gradually cooling furnace. A sheet-prepreg 
35 was thus obtained. 

The sheet-prepreg thus obtained was 35 weight% in resin content and 0.13mm thick. No distortion was 
seen in the fibers and little voids were present among the fibers. The retention of resin molecular weight 
held in the sheet-prepreg 97%. 

40 Claims 

1. A method of impregnating fibres with a thermoplastic resin and manufacturing a sheet pre-preg 
reinforced with the fibres, said method comprising coating a first band belt(s) of a pair of facing band 
belts (14,15) with a thermoplastic resin, said belts having been heated to a temperature higher than the 
45 softening point of the thermoplastic resin conveying sheet fibres (10 between the pair of facing band 
belt, (14,15), applying tension to the sheet of fibres (10) conveyed between the facing band belts 
(14,15), and press contacting the first band belt (15) with at least one roller (17) to press-contact the 
sheet of fibres (10) between the band belts to impregnate the fibres with the resin. 

50 2. A method according to claim 1 wherein the sheet of fibres (10) is formed by aligning a plurality of fibres 
in a warp direction. 

3. A method according to claim 1 wherein the sheet of fibres (10 is a sheet of woven fibres. 

55 4. A method according to claim 1 wherein the sheet of fibres (10) is cooled after passing through the pair 
of facing band belts (14, 15). 

5. A method according to claim 1 wherein the sheet of fibres (10) is cooled between the pair of facing 
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band belts (14,15) after being impregnated with the thermoplastic resin. 

6. A method according to claim 1 wherein the thermoplastic resin is coated to a thickness in the range of 
10 to 1000 microns. 

7. A method according to claim 1 wherein the viscosity of the thermoplastic resin is in the range of 500 to 
50,000 Poise. 

8. A method according to claim 1 wherein tension is applied to the sheet of fibres (1 0) between the pair of 
band belts (14,15) in the range of 1 to 10,000 g/fibre. 

9. A method according to claim 1 wherein tension is applied to the sheet of fibres (1 0) between the pair of 
band belts (14,15) in the range of 5 to 100,000 g/cm width. 

10. An apparatus for manufacturing a sheet pre-prag reinforced with fibres comprising a section (1) for 
feeding a sheet of fibre, a pair of facing band belts (14,15) heated to a temperature higher than the 
softening point of the thermoplastic resin, said band belts being arranged to receive a sheet of fibres 
(10) therebetween, a resin impregnating section (3) including extruder means and the means (13) for 
coating a film of the thermoplastic resin on a first belt (15) of said pair of band belts (14,15), and at 
least one roller (17) adapted to press contact the first band belt (15) to press contact the sheet of fibres 
(10) between the band belts to impregnate the fibres with the resin, and a winding section (4) for 
winding the thermoplastic resin impregnated sheet of fibres which has passed through the resin 
impregnating section (3). 

11. An apparatus according to claim 10 wherein the apparatus wherein the fibres feed section (1) has a 
plurality of bobbins (6) for supplying fibres (7), and said apparatus further comprises means for 
adjusting tension (11,12) applied to the fibres and means for aligning (9) the fibres in a uniform 
direction. 

12. An apparatus according to claim 11 wherein the apparatus further comprises means for setting the 
fibres including pipe means around which the fibres are wound. 

13. An apparatus according to claim 10 wherein the apparatus further comprises means for feeding a 
woven sheet of fibres. 

14. An apparatus according to claim 10 wherein the apparatus further comprises means (26) for cooling the 
thermoplastic resin impregnated sheet of fibres to below the softening point o the thermoplastic resin, 
and cooling means (26) being positioned between the resin-impregnating section (3) and the winding 
section (4). 

15. An apparatus according to claim 10 wherein the apparatus further comprises means (26) for cooling 
(50) the thermoplastic resin impregnated sheet of fibres to below the softening point of the thermoplas- 
tic resin, said cooling means being positioned in the resin-impregnating section (3). 

16. An apparatus according to claim 10 wherein at least one of the belts (15) is supported by an inlet 
heating roller (17) which is located adjacent to a resin impregnation promoting roller (30) that influence 
the sheet of fibres towards the inlet heating roller. 

17. An apparatus according to claim 10 wherein at least one of the belts is supported by an outlet heating 
roller (19) which is located adjacent to a resin impregnation promoting roller (31) that influences the 
sheet of fibres (10) towards the outlet heating roller (19). 

18. An apparatus according to claim 10 wherein at least one of the band belts is supported by a plurality of 
intermediate heating rollers (18,50,51) at least one of which is located adjacent to a resin impregnation 
promoting roller (32,33,34) that influences the sheet of fibres towards the heating roller. 

19. An apparatus according to claim 10 wherein the apparatus further comprises means (21) for adjusting 
the tension of the band belts and means (35,36) for controlling the meandering of the band belts 
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(14,15). 

20. An apparatus according to claim 10 wherein the apparatus further comprises a plurality of rollers 
supporting the band belts and means (T) for adjusting the tension of the belt passing over the roller 

5 (51) immediately preceding the last of the plurality of rollers (14). 

21. An apparatus according to claim 10 wherein the pair of band belts (14,15) is supported by a plurality of 
said rollers including inlet rollers (17), outlet rollers (14) and intermediate rollers (18,50,51), and said 
apparatus comprising a first resin impregnating promoting roller (3) adjacent an inlet roller (17), a 

70 second resin impreganting promoting roller (3) adjacent an intermediate roller (18), a third resin 
impregnating promoting roller (31) adjacent an outlet roller (14), means for adjusting the tension of the 
band belts, means for controlling the meandering of the belt, means (T) for adjusting the tension of the 
band belt passing over the supporting roller (51) next to an outlet roller (19) and means (26) for coding 
the thermoplastic resin impregnated sheet. 

75 

Patentanspruche 

1. Verfahren zum Impragnieren von Fasern mit einem thermoplastischen Harz und Herstellen einer mit 
den Fasern verstarkten Prepregfolie, wobei das Verfahren umfai3t: Beschichten eines ersten Bandgurtes 

20 eines Paares gegenuberliegender Bandgurte (14, 15) mit einem thermoplastischen Harz, wobei die 
Gurte auf eine Temperatur uber dem Erweichungspunkt des thermoplastischen Harzes aufgeheizt 
worden sind; Fordern einer Faserbahn (10) zwischen dem Paar mich gegenuberliegender Bandgurte 
(14, 15); Anlegen einer Zugspannung an die zwischen den sich gegenuberliegen Bandgurten (14, 15) 
geforderte Faserbahn (10); und Preflkontaktieren des ersten Bandgurtes (15) mit mindestens einer 

25 Walze (17), urn die Faserbahn (10) zwischen den Bandgurten zu presskontaktieren und die Fasern mit 
dem Harz zu impragnieren. 

2. Verfahren nach Anspruch 1, wobei die Faserhahn (10) durch Ausrichten einer Vielzahl von Fasern in 
Webkettrichtung gebildet ist. 

30 

3. Verfahren nach Anspruch 1, wobei die Faserbahn (10) eine Bahn aus gewebten Fasern ist. 

4. Verfahren nach Anspruch 1, wobei die Faserhahn (10) nach ihrem Durchgang durch das Paar sich 
gegenuberliegender Bandgurte (14, 15) gekuhlt wird. 

35 

5. Verfahren nach Anspruch 1, wobei die Faserbahn (10) zwischen dem Paar sich gegenuberliegender 
Bandgurte (14, 15) gekuhlt wird, nachdem sie mit dem thermoplastischen Harz impragniert worden ist. 

6. Verfahren nach Anspruch 1, wobei das thermoplastische Harz mit einer im Bereich von 10 bis 1000 
40 Micrometer liegenden Dicke aufgetragen worden ist. 

7. Verfahren nach Anspruch 1 , wobei die Viskositat des thermoplastischen Harzes im Bereich von 500 bis 
50 000 Poise liegt. 

45 8. Verfahren nach Anspruch 1, wobei an der zwischen dem Bandgurt-Paar (14, 15) befindlichen Faserbahn 
(1 0) eine Zugspannung im Bereich von 1 bis 1 0 000 g/Faser angelegt wird. 

9. Verfahren nach Anspruch 1, wobei an der zwischen dem Band-Paar (14, 15) befindlichen Faserbahn 
(1 0) eine Zugspannung im Bereich von 5 bis 1 00 000 g/cm Breite angelegt wird. 

50 

10. Vorrichtung zum Herstellen einer mit Fasern verstarkten Prepregfolie mit: einem Abschnitt (1) zum 
Zuruhren einer Faserbahn; einem Paar sich gegenuberliegender Bandgurte (14, 15), die auf eine Uber 
dem Erweichungspunkt des Harzes liegende Temperatur aufgeheizt und so angeordnet und ausgebildet 
sind, daJ3 sie eine Faserbahn (10) zwischen sich aufnehmen konnen; einem Harzimpragnierungs- 

55 Abschnitt (3) mit einer Extrudiereinrichtung und einer Einrichtung (13) zum Aufbringen eines thermopla- 
stischen Harzfilms auf einen ersten Gurt (15) des Bandgurt-Paares (14, 15) und mindestens einer 
Walze (17), derart, da/3 sie den ersten Bandgurt (15) prefikontaktiert, um die Faserbahn (10), zwischen 
den Bandgurten zu presskontaktieren und die Fasern mit dem Harz zu impragnieren; und einem 
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Wickelabschnitt (4) zum Aufwickeln der mit dem thermopiastischen Harz impragnierten Faserbahn, 
nachdem sie den Harzimpragnierungs- Abschnitt (3) passiert hat. 

11. Vorrichtung nach Anspruch 10, wobei die Vorrichtung, wobei der Faserzufuhrabschnitt (1) eine Vielzahl 
5 von Spulen (6) zum Zufuhren von Fasern (7) aufweist, und wobei die Vorrichtung weiter Einrichtungen 

(11, 12) zum Einstellen der an die Fasern angelegten Zugspannung und eine Einrichtung (9) zum 
Ausrichten der Fasern in einheitlicher Richtung umfaBt. 

12. Vorrichtung nach Anspruch 11, wobei die Vorrichtung weiter eine Einrichtung zur Befestigung der 
w Fasern, einschliefllich einer Rohreneinrichtung, um die die Fasern gewickelt werden, umfafit. 

13. Vorrichtung nach Anspruch 10, wobei die Vorrichtung weiter eine Einrichtung zum Zufuhren einer 
gewebten Faserbahn umfaflt 

75 14. Vorrichtung nach Anspruch 10, wobei die Vorrichtung weiter eine Einrichtung (26) zum Abkuhlen der 
mit dem thermopiastischen Harz impragnierten Faserbahn unter den Erweichungspunkt des thermopia- 
stischen Harzes umfafit, und wobei die Kuhleinrichtung (26) zwischen den Harzimpragnierungs- 
Abschnitt (3) und dem Wickelabschnitt (4) positioniert ist. 

20 15. Vorrichtung nach Anspruch 10, wobei die Vorrichtung weiter eine Einrichtung (26) zum Abkuhlen (50) 
der mit dem thermopiastischen Harz impragnierten Faserbahn unter den Erweichungspunkt des 
thermopiastischen Harzes umfaJSt, und wobei die Kuhleinrichtung im Harz-impragnierungs-Abschnitt (3) 
positioniert ist. 

25 16. Vorrichtung nach Anspruch 10, wobei mindestens einer der Gurte (15) von einer Eingangs-Heizwalze 
(17) abgestutzt wird, die nahe einer die Harzimpragnierung unterstutzenden Walze (30) angeordnet ist, 
welche die Faserbahn gegen die Eingangs-Heizwalze vorspannt. 

17. Vorrichtung nach Anspruch 10, wobei mindestens einer der Gurte von einer Ausgangs-Heizwalze (19) 
30 abgestiitzt wird, die nahe einer die Harzimpragnierung unterstutzenden Walze (31) angeordnet ist, 

welche die Faserbahn (10) gegen die Ausgangs-Heizwalze (19) vorspannt. 

18. Vorrichtung nach Anspruch 10, wobei mindestens einer der Bandgurte von mehreren Zwischen- 
Heizwalzen (18, 50, 51) abgestutzt wird, wobei mindestens eine von ihnen nahe einer die Harzimpra- 

35 gnierung unterstutzenden Walze (32, 33, 34) angeordnet ist, welche die Faserbahn gegen die Heizwal- 
ze vorspannt. 

19. Vorrichtung nach Anspruch 10, wobei die Vorrichtung weiter eine Einrichtung (21) zum Einstellen der 
Zugspannung der Bandgurte und Einrichtungen (35, 36) zum Steuern des meanderartigen Verlaufes 

40 der Bandgurte (14, 15) umfafit. 

20. Vorrichtung nach Anspruch 10, wobei die Vorrichtung weiter umfaflt: mehrere die Bandgurte abstuzen- 
de Walzen und eine Vorrichtung (T) zum Einstellen der Zugspannung des uber diejenige Walze (51) 
hinweglaufenden Gurtes, die direkt der letzten der mehreren Walzen (14) vorausgeht. 

45 

21. Vorrichtung nach Anspruch 10, wobei das Bandgurte-Paar (14, 15) von mehreren Walzen, einschlieBlich 
Etngangswalzen (17), Ausgangswalzen (14) und Zwischenwalzen (18, 50, 51) abgestutzt wird und wobei 
die Vorrichtung umfaflt: eine erste die Harzimpragnierung unterstiitzende Walze (3) nahe einer 
EinlaBwalze (17), eine zweite, die Harzimpragnierung unterstiitzende Walze (3) nahe einer Zwischen- 

50 Walze (18), eine dritte die Harzimpragnierung unterstutzende Walze (31) nahe einer AuslaBwalze (14), 
eine Einrichtung zum Einstellen der Zugspannung der Bandgurte, eine Einrichtung zum Steuern des 
schlangelnden Verlaufes des Gurtes, eine Einrichtung (T) zum Einstellen der Zugspannung des 
Bandgurtes, der uber die abstutzende Walze (51) neben einer Auslaj3walze (19) lauft, und eine 
Einrichtung (26) zum Kuhlen der mit dem thermopiastischen Harz impragnierten Bahn umfaflt. 

55 

Revendlcations 

1. Un procede d'impregnation de fibres avec une resine thermoplastique et de fabrication d'une feuille 
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preimpregnee renforcee de fibres, ledit procede comprenant I'enduction d'une (de) premiere(s) 
courroie(s) a bande d'une paire de courroies a bande agencies face a face (14, 15) d'une resine 
thermoplastique, iesdites courroies ayant ete* chauffers a une temperature supeVieure au point de 
ramollissement de la resine thermoplastique, le transfert d'une feuille de fibres (10) entre la paire de 
5 courroies a bande agencees face a face (14, 15), I'application d'une tension a la feuille de fibres (10) 
transferee entre les courroies a bande agencees face a face (14, 15) et la mise en contact par pression 
de la premiere courroie a bande (15) avec au moins un rouleau (17), en vue d'inserer par pression la 
feuille de fibres (10) entre les courroies a bande pour impregner ies fibres de resine. 

io 2. Un procede selon la revendication 1, dans lequel la feuille de fibres (10) est formee par alignement 
d'une pluralite de fibres dans une direction de chaTne. 

3. Un procede selon la revendication 1, dans lequel la feuille de fibres (10) est une feuille de fibres 
tissees. 

J5 

4. Un proc6d§ selon la revendication 1, dans lequel la feuille de fibres (10) est refroidie apres son 
passage a travers la paire de courroies a bande agencees face a face (1 4, 1 5). 

5. Un procede selon la revendication 1 , dans lequel la feuille de fibres (1 0) est refroidie entre la paire de 
20 courroies a bande agencees face a face (14, 15) apres son impregnation de resine thermoplastique. 

6. Un procede selon la revendication 1, dans lequel la resine thermoplastique est enduite a une £paisseur 
comprise entre 10 et 1000 microns. 

25 7. Un procede selon la revendication 1 , dans lequel la viscosite de la resine thermoplastique est comprise 
entre 500 et 50.000 poise. 

8. Un procede selon la revendication 1, dans lequel une tension est appliquee a la feuille de fibres (10) 
entre la paire de courroies a bande (14, 15), la tension etant comprise entre 1 et 10.000 g/fibre. 

30 

9. Un procede selon la revendication 1, dans lequel une tension est appliquee a la feuille de fibres (10) 
entre la paire de courroies a bande (14, 15), la tension £tant comprise entre 5 et 100.000 g/cm de 
largeur. 

35 10. Un appareil de fabrication d'une feuille preimpregnee renforcee de fibres, comprenant une section (1) 
d'amenee d'une feuille de fibres, une paire de courroies a bande agencees face a face (14, 15) 
chauffees a une temperature superieure au point de ramollissement de la resine thermoplastique, 
Iesdites courroies a bande etant agencees de sorte qu'une feuille de fibres (1 0) puisse etre intercalee, 
une section d'impreg nation de resine (3) englobant un moyen d'extrusion et un moyen (13) pour 

40 enduire un film de resine thermoplastique sur une premiere courroie (15) de ladite paire de courroies a 
bande (14, 15), et au moins un rouleau (17) destine* a contacter par pression la premiere courroie a 
bande (15) en vue d'inserer par pression la feuille de fibres (10) entre les courroies a bande pour 
impregner les fibres de resine, ainsi qu'une section d'enroulement (4) pour enrouler la feuille de fibres 
impregnee de resine thermoplastique ayant traverse la section d'impregnation de resine (3). 

45 

11. Un appareil selon la revendication 10, dans lequel la section d'amenee des fibres (1) comporte 
plusieurs bobines (6) pour I'alimentation en fibres (7), ledit appareil comprenant en outre un moyen 
d'ajustement de la tension (11, 12) appliquee aux fibres et un moyen d'alignement (9) des fibres dans 
une direction uniforme. 

50 

12. Un appareil selon la revendication 11, ledit appareil comprenant en outre un moyen de mise en place 
des fibres englobant un moyen a tube autour duquel les fibres sont enrouiees. 

13. Un appareil selon la revendication 10, ledit appareil comprenant en outre un moyen d'amenee d'une 
55 feuille de fibres tissues. 

14. Un appareil selon la revendication 10, ledit appareil comprenant en outre un moyen (26) de refroidisse- 
ment de la feuille de fibres imprdgnee de resine thermoplastique a une temperature inferieure au point 
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de ramollissement de la resine thermoplastique, le moyen de refroidissement (26) etant agence entre la 
section d'impregnation de resine (3) et la section d'enroulement (4). 

15. Un appareil selon la revendication 10, ledit appareil comprenant en outre un moyen (26) de refroidisse- 
ment (50) de la feuille de fibres impregnee de resine thermoplastique a une temperature inferieure au 
point de ramoilissement de la resine thermoplastique, ledit moyen de refroidissement etant agence 
dans la section d'impregnation de resine (3). 

16. Un appareil selon la revendication 10, dans lequel au moins une des courroies (15) est supportee par 
un rouleau chauffant d'entree (17), agence adjacent d'un rouleau d'activation de I'impregnation de 
resine (30), entraTnant la feuille de fibres en direction du rouleau chauffant d'entree. 

17. Un appareil selon la revendication 10, dans lequel au moins une des courroies est supportee par un 
rouleau chauffant de sortie (19), agence adjacent d'un rouleau d'activation de ('impregnation de resine 
(31), entraTnant la feuille de fibres (10) en direction du rouleau chauffant de sortie (19). 

18. Un appareil selon la revendication 10, dans lequel au moins une des courroies a bandes est supportee 
par plusieurs rouleaux chauffants intermediates (18, 50, 51), dont un au moins est agence adjacent 
d'un rouleau d'activation de ('impregnation de resine (32, 33, 34), entraTnant la feuille de fibres en 
direction du rouleau chauffant. 

19. Un appareil selon la revendication 10, ledit appareil comprenant en outre un moyen (21) d'ajustement 
de la tension des courroies a bande ainsi qu'un moyen (35, 36) de contrdle du roulement sinueux des 
courroies a bande (14, 15). 

20. Un appareil selon la revendication 1 0, ledit appareil comprenant en outre plusieurs rouleaux supportant 
les courroies a bande et un moyen (T) d'ajustement de la tension de la courroie passant sur le rouleau 
(51) precedant immediatement le dernier de la pluralite de rouleaux (14). 

21. Un appareil selon la revendication 10, dans lequel la paire de courroies a bande (14, 15) est supportee 
par plusieurs des dits rouleaux englobant des rouleaux d'entree (17), des rouleaux de sortie (14) et des 
rouleaux intermediates (18, 50, 51), ledit appareil comprenant un premier rouleau d'activation de 
('impregnation de resine (3) adjacent a un rouleau d'entree (17), un deuxieme rouleau d'activation de 
('impregnation de resine (3) adjacent a un rouleau intermediate (18), un troisieme rouleau d'activation 
de ('impregnation de resine (31) adjacent a un rouleau de sortie (14), un moyen d'ajustement de la 
tension des courroies a bande, un moyen de controle du roulement sinueux de la courroie, un moyen 
(T) d'ajustement de la tension de la courroie a bande passant sur le rouleau de support (51) agence 
pres d'un rouleau de sortie (19) et un moyen (26) de refroidissement de la feuille impregnee de resine 
thermoplastique. 
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